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I I 57. ABSTRACT 

Unsymmetrical carbonates of the formula 

are prepared b>* the following reaction sequence 

-continued 
0 

0 
II 

(31 

[V] + R’OH k>R--O-C-O-RR’ 

where R and R’ can each be -CH:C(N02);, 
C&CF(Y@ j2, -C&CF2(N&), -CH2CCI(NO~)2, 
-CH2CF3, -CH2CC13, -CHzC(NOz)zCH;, or 
-c&CF2CF2H, provided that R+R’ and wherein R” 
is a lower alky1 group of from 1 to 6 carbon atoms. 
Also included 
kvl carbonvld . I 

are symmetrical 1.3-bis(haIo- and nitroal- 
ioxy)-2.2-dinitro~ropanes of the formula 

which are synthesis by the following reaction sequence 

0 
II 

Friedl-Crafts 

2 C1-c--S-R” Cata!w 

wherein R and R” are as defined above. 
The carbonates of this invention are useful as energetic 
additjatveh to propeilarlts and explosi\Ue. 
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This is a diGsion of U.S. Pat. No, 4331.744 entitled. 
“Unsymmrtrical Polynitrocarbonates and Methods of 
Preparation.” \i*hich issued IO Wiliam F-L Gilligan and 
Scott L. Stafford on June 1. 1W. 

This invention relates to organic carbonates and more 
particularly 10 nitro substitutk organic carbonates. 

In order to prepare unsvmmetrical carbonates, it is 
necessary to react a chloroiormate of an alcohol high a 
second alcohol. The general method for preparing chlo- 
roformates is to react an alcohol with an excess of phos- 
gene (poisonous gas) in the presence of a base as an acid 
acceptor. Inevitably 3 greater or lesser amount of the 
carbonate is formed. 3s a by-product. which lowers the 
yield and requires separation of the product. In addi- 
tion. nitroalcohols in the presence of base, have a ten- 
dent\* to deformvlate, M*hich also lowers the vield of c I 
chIor&rmate. A third factor is that nitro substituted 
diok such as Z.2-dinitropropan- 1.3,dial form as major 
products linear carbonates and cyclic carbor,ates. 

An objecr of this invention is to provide neu: organic 
compounds. 

Another object of this inktention is to provide neu 
explosive materials. 

A further object of this insention is to provide un- 
symmetrical poiynitrocarbonates. 

Still another object is to provide a method ofsynthe- 
sizing unsymmetrical poIk,nitrocarbonates. 

Yet a further object of this invention is to provide 
novel q*mmetrical, 1.Sbis(halo- and nitroalkyl car- 
bonyidiosy)- 2.2~dinirropropanes. 

Sri11 a further object of this irwen:ion is to provide a 
method of synthesizing novel symmetrical 1 .S-bis(halo- 

tracarbonates of the fmnuia 

Cl 
II 

R--O-C-O-RR 

-continued 

wherein R+R’ and wherein R and R’ are each selected 
from the group consisting of -CH:C(NC& 

10 CH$F(NOz)z, -CH~CF~(NOZ), -CMzCCl(NO+, 
-C&CFj, -CH~CC13. --CH~C(NO~)~CH;, iId 

-CH$ZF~CF2H, and wherein R” is a lower alkvl of * 
from 1 to 6 carbon atoms: 

I5 and (2)synmetrical 1,3-bis(halo-and nitroalkyl car- 
bonyIdioxy)-2.2-dinitropropane of the formula 

which are synthesized the following reaction sequence 

wherein R and R” are as defined a’bove. 
The carbonates of this invention are useful as ener- 

5 ,getic additives to propellants and expioskes. 

DETAILED DESCRIPTIOS OF THE 
PREFERRED EMBUDNENT 

sequences of this iwenrion summarized 
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-continued stirred at ambient temperature for 30 to 60 minutes and 
yields of 90 percent or more were obtained, 

The general formutas of the products of step (I) are 

Fred1 - 
Crafis 
cat al ya1 

0 302 0 
II t II 

R”SCOCH$ZCH20CSR’ 
t 
m2 

(!I R’OH 

i 

base 

0 
II 

ROCOR’ 

base 

0 
tt 

302 0 
I II 

ROCOC&CCH?OCOR 

wherein R’R’ and R and R’ can be --Cl$C(NO+ 
;*-CH$X=(YU&, 
i%O:)z, 

-CH$F2(NQ), --CH$Xi- 
--CHzCFj, -CH~CC1j, -CH~C(NO~)~CH 3. 

and -CH:CF:CF2H. and wherein R” is a lower alkv? 
group of from 1 to 6 carban atoms, but preferably ‘a 
lower alkyl of from I to 3 carbon atoms. 

The alcohols R0I-I and R’OM, which mav be used in I 
the qrnthesis are 
2.2.2-trinitroethanol, 
2-fluoro-2,2-dinitroethanol, 
2,2-dinuoro-2~nitroethano~* 
2-cfiloro-2.2-dinitroethanol. 
2.2.2-trif7uoroethanol. 
” 3 Wkhloroethano!. &II,- 
2,2-dinitropropnnol. and 
2.2.2.j-letrafluoropropanol. 
ObMusly. for unsymmerrkal carbonates ROH must 
nor be rhe same as R’C0-I. Yote that the alcohol used In 
step (I) for the production of symmetrical I.5bisthaio 
and nitroakyl carbon~~ldioxv)2,2-dini:rnpropan~~ is 
XI-dinitropropan- 1 .,t-dial. 

4 

for the unsymmetrical synthesis and 

R”SCOCH~CCH~ucsR” 
I ,’ 
so;! 

for the svmmetrical synthesis. Because of the commer- 
cia! availability of S-ethyl chlorothiolformate, the fol- 
lowing products should be easiest to produce 
S-erhyl 2F2.2-trinitroethyl thiolcarbonate. 
Sethi Nluoro- X2-dinitroethyi thiolcarbonate 
S-erh;*i 2.2-fluoro-2-nitroethvl rhiolcarbonare. 
S-erhb 2-chloro-2.2-dinirroe;hvl thiolcatbonate. 
S-erh;?l 2.X-Wluoroethvl th&arbonate, 1 
S-eth$ 2,2?2-rrichioroerhyl thiolcarbonate? 
S-ethvl 2.3dinitropropyl thiolcarbonate. 
S-e&l 2.t.3,j-rerrafiuoroprop~l thiolcarbonate. 
and fi;lally the 
Bis(S-ethyl thiolcarbonate) of ?.2-dinitropropan- I.% 

ciiol. 

In step (2) the aIN thiolcarbonate is refluxed with an 1 
excess of sulfuryl chloride (SO:Cl:) in an inert solvent 
until the alkyl thiolcarbonate is cowerted to the corre- 
sponding chloroformate. In Examples 4, 5, and 6. six 
hours of refluxine produced the products in mod vield. 

For reaction &p (2) the general for&a fo; the 
product of the unsymmetrical process is 

0 
II 

ROC-Cl 

wherein R is 2s defined above. vore specifkaltv the 
compounds are 
3’ 7 %&litroethvi ckdoroformate. Irll.C 
?-fluoro-2.2-dinitroethyl chloroformare. 
2.2-difluoro-2-nitroethyi chloroformate. 
2-zhlor~-2.2-dinitroeth~r~ chioroformate. 
X.2- trifl uoroeth>vl chlkoformare. 
2.2.2-trich~oroeth!~~ chloroformate. 
2 ‘-dinirropropyl chloroformate. and -.a 
2.2.3.3-terr3fluorcpro~~,~ ch!clroIkmare. 

The produi-t of rhe symmerrkai ~TWXSS is 

I 
so: 
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ture does not overheat. ,4 base, such as pyridine, is 
added to the mixture to act as an acid acceptor for the 
I-ICI generated by the reaction. 

.A In the case of the unsymmetrical svnthesis the general I 
reaction of step (3) is 5 

The generai nature of the invention hajring been set 
forth, the following examples are presented as specific 
illustrations thereofA It will Ix understood ttlat ths in- 
vention is not limited to these examples but is suscepti- 
ble to various modifications that will be recognized bv 4 
one of ordinary ski11 in the art. 

0 0 
JJ II 

R'OH - Roccl %->R~c~R - HCI 

10 
wherein R and R’ are as defined above and R+R’. 
Preferred carbonates include 
2-fluoro-2.2-dinitrosrhvl-j.j.j,tfinitroeth~~lcarbo~a~~ 
1?,2-difluoro-2-nitroerh2il-3.3.3-trinitroeth~~l~arbonat~. 
Z-chloro-2.2-dinitroethyl-3.3.3-trinitroeth~~lcarbonate. I 5 
2,?-dinitropropyl- 3~3.3-trinirroerhyl~rbQ~ate, 
2,2-difluoro-2-nirrozEhvl-3-fluoro-3,3-dir- * I 

bonate, 
2-chloro-2.~-dinitrderhyl-j-fluoro-3,3-lcar- 

bonate, 20 
2.2-dinirropropyl -I-fluoro-3,3-dinitroethyicarbonate. 
2-ch)oro-2.2-dinitroeth!ll-3.3-difluoro~3-nitroethyfcar- 

bonate, 
2.2-dinitroprop~?l-~., ; ‘;-difluoro-3-nitroeth!llcarbonate 

and 3< LI 
2,2-dinitropropvi-~~hloro-3.3-dinitroeth~~~~arbona~e. 

The general ieacrion of step (3) for tde svmmetrical 
1.3.bis (halo- and nitroalkyl carbonvldiox!)“.2-dinirroo 
propanes wnthesis is a 

30 

wherein ‘R is as defined above. Specifically the symmet- 
40 

rical 1.3-bis(halo- and nitroalky1 carbonyldioxy)-1.2- 
dinitropropanes are 
1.3-bis(3.2.~-rrinitrocthyl carbonyldioxy)-2.2- dinitro- 

propane, 45 
1 .3-bis( Muoro- 5%dinitroethyl carbon yldiosy j-2.2- 

dinitropropane. 
I .S-Sisij.~-difluoro-f-niEroerh~ll 

dinitropropane. 
carbonyldioxy)-2.S 

I .3-bis(~-ch~oro-3.Z-dinirroe~h~~ 
dinitropropane. 

I .3-bis(j,j._l-trichloroeth!.I carbon~Idiox~.S-2.2-dinitro- 
propane. 55 

carbonyldioxyj-2,2- 

EXAMPLE 1 
S-ethvl 2,2,Ztrinitruethvl thiolcarbonate I M 

To a stirred SQ~UI~Q~ of 9.2 g of 2X-trinitroethano] in 
IO ml of 1,2-dichloroethane was added 65 ml of ethyl 
chlorothiolformate and one ml of a 507~ anhydrous 
ferric chloride solution in nitromethane. A vigorous 
reaction immediately ensued. The solution was stirred 
for one hour and then taken up in methylene chloride 
and washed consecutively with dilute hydrochloric 
acid and five 60 ml portions of water. l 4fter drying with 
anhydrous magnesium sulfate, the organic solution was 
filtered and the solvents removed in vacua. The residue 
was crystallized from chluroform/hexane solution to 

give 12.52 g (90%) of the title compound: m.p. 36’. 
H-!WR (acetone do); S = 5.96 (S, 2H--CH2C(NOl)j), 
2*93 (q, ZH,-SC&--), 1.28 (t, X4.-CMj). 

Calc for C:I+lLI$&S: C, 22.3 1, Ii, 2.62; X. 15.61; SI 
11.91. Found: C, 22.19; kI, 25; N, 15.30; S, 11.65, 

EXAMPLE 2 
S-ethvt 2-nuoro-~,2-dinitroeth~l thiocarbonate I . 

To a stirred solution of 7,7 g (0.05 m01) fluorodinitroe- 
than01 in 10 ml of methylene chloride was added 6.5 ml 
of ethyl chlorothiolformate and one ml of a 50% ferric 
chloride solution in nitromethane. A vigorous reaction 
immediately ensued that was essentially over in a feu? 
minutes. To insure complete reaction, stirring *#as con- 
tinued for 30 minutes. The reaction mixture was taken 
up in methylene chloride and washed consecutively 
with 100 ml of dilute hydrochloric acid and five NO ml 
portions of water. ,4fter drying with anhydrous magne- 
sium sulfate and filtering, the organic solvents were 
removed in vacua. The residue umeighing 12.07 g 
i99.7~~) was of >98% purity by GLC analysis. 
H--rU’hm(CDCI$ S= 5.24 fd. 2I-I. -CI+-CF). 2.89 
(q. 3-L -s--CH2--). 1.30 (t. 3H,-CH:). 

C&d for C&i7Flh;:O&: C, 24.79; H. 2.91; F, 7.85; X 
11.57: s, 13.24. 

Fc>und: C. 2&E? H , 2.96: F, 7.69; 3. 13.68; S, 13.30. 

EX4MPL.E 3 
ks!S-ezrhyl thioicarbonate) of 2.2-ciinixo-I .$w-yandiol 
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fromethane 411 was added 5+8 ml ethyl chlor&iolfor- 
mate and one ml of a solution of 50% ferric chloride in 
nitromethane. After an initial vigorous reaction. the 
solution was stirred for an additional 30 minutes at am- 
bient temperature. The solution was taken up in methv- 
lene chloride and washed with a IO0 ml portion of dike 
hydrochloric acid and five 100 ml portions of wafer. 
After drying and filtering, the solvent was removed in 
in vacua at 0.05 torr. The residue weighed 8.3 g (100%-I 
The purity of the residue was >98% bv GLC anaksis. 
H-XMR (CDCIJ): S=5.08 (S, 4H, LO-CH:-k(- 
N092CH+--), 2.87 (d, 3X-S-C&-), 1.29 (t, CH. 
-CH_3)* 

Ca?c. for cgH@:O&: c, 31.57; H, 4.12: x, 8.1% s, 
18.73. Found: C, 31.76; H, 4.30; X. 8.06; S, 18.77. 

EXAMPLE 4 . 
Znuoro-~.2-dinitroethvl chloroformate 

A solution of 13.82 g (0.057 mol) S-ethyl fluorodinitro- 
ethyl-thiolcarbonate in 50 ml of 1 Ldichloroethane and 
20 ml of sulfuryl chloride was refluxed for 6 hours. 
After coolin_e, excess sulfuryl &I&de and solvent was 
remowd on a rotavac. The residue was distilled 

. through a short column, 58” at 2 torr. To the yelloGsh 
distillate was added 2 ml cyclohexane and this was 
redistilled to give 11.59 g (93%) of product. GLC anai- 
ysis indicated a purity of 99%. 

1.R. (film): ‘Ilmax= 1780. 1605, 1310 cm-l. H-YhlR 
(CDCI:\): 6 = 5.36 (d. FC--Cl-I+. 

EXAMPLE 5 
2 7 ?-frinitroethyl chloroformate .I.* 

To a solution of S-ethvl trinitroethv~thiolcarbonate 
(2X5 ,g, 0.098 mol) in 50-m? of I&dichloroethane was 
added 30 ml of sulfuryl chloride. The reaction soiution 
unas refhed for six hours. cooled, and volatiles re- 
moved in vacua. The residue was distilled throu@ a 
short path column. 78’ at 0.8 ton, to give 24.13 g of 
product. GLC analysis indicated a purity of 96.55: 
corr. yield was 97.4%. 

J.R. (Xm): timmGX= 1783, 1608. 1300 m-1. H-Xh1R 
(CDCI;): i3 = 5.73 (5 -Cl-+). 

EXAXIPLE 6 

11.2-dinitropropvl chloroformate w 

8 

EXAMPLE 7 

1.3-bis(3,3,3-trinitroethyl 
carbonyldioxy)-2,2-dinitropropane 

Pvridine (2.1 ml) was added to a slurry of 2,2-dinitro- 
&pan-l,3-dial in 50 ml of C&CI= at 10” C. After the 
dial had dissolved, a solution of trinitroethvl chlorofor- 
mate (6.46 g, 26.6 mmol) in 7 ml of methyiene chloride 
was added dropwise with stirring. The temperature was 
held below 15’ during the addition. The solution was 
then stirred for 3.5 hours. Volatiles were then removed 
and the residue was washed with dilute hydrochloric 
acid and water and then air dried. The solid was recrys- 
tallized from methylene chloride to give 5.1 g of prod- 
uct (83%), m.p. 154'~5'. 

H-NMR (acetone-dbj: s=5.97 (S, 43, 
CHzC(N02j:), 5.40 (S, 4H, CH:) IX. (fluorolube): 
timax= 1780 cm-l. 

EXAMPLE 8 
2,2-dinitropropvl-3.3.3-trinitroethyicarbonate 

l 

To a solution of trinitroethyl chloroformate (6.46 g, 
26.5 mmoI) and 2.2-dinitropropanol (4.5 g, 30 mmol) in 
25 ml of methvlene chloride was added ciropwise a 
solution of pyribine (2.24 ml) in methylene chloride (7 
ml) at or below 5’. Then the solution was stirred for 3 hr 
at ice bath temperature and at ambient temperature for 
an additional hour. The solution was raken up in methy- 
lene chloride and washed consecutivelv with 100 ml of 
dilute hydrochloric acid and five lad ml portions of 
water. The organic layer was dried (mqnesium suL 
fate). filtered, and the volatiles removed in vacua. The 
solid residue was recrystaiized from chloroform to give 
5.68 g (W%) of product: m-p. 107*. 

Calc. for C&I;NrO 13: C. 20-B; I-L 1.98; N? 39A1. 
Found: C, 19.87; H, 1.82; Y, 39.85. 

H-WIR(CDC13): 6 = 5.47 (S, 2-L CH$Z(NU~)j), 
5.04 6, 2H. 0-CHZC (NO2)y). 2.20 (S, 3-L --Cl-i>). 

IX. (fluorolube mull): V,pz= 1777 cm- l. 

EXAMPLE 9 

To a solution of dinitrogropyl chloroformate (5.73 g. 
0.027 mol j and fluorodinitroethanol GO8 g, 0.02 molj in 
25 r?,! cf methjllene chloride zt 3’ ~'25 added with stir- . 
riw a solution of pyridine (I.5 m!) in methykne chIo- t 
ride (9 ml). The rate of addition was controlled so that 
IL Llre :ernpei dLUl VT **ree did not rise 25ot’e So. After :he addition 
u-as zompiete the reaction mixture was stirred for 2 
‘nears 31 ice bath temper3rL.e and an additional 3 hews 

at ambient temperature. The reaction mixture was rhen 
transferred to a separatory funnei with 50 ml of methy- 
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Gene chloride and washed consecutively with 100 ml of 
dilute hvdrochloric acid and four 100 ml portions of 
water. The organic layer was dried (magnesium sulfate) 
FAtered and the solvents removed in vacua. The residue 

,-j ulas crystallized from chloroform to give 6.0 g of prod- 
uct, 917~ baskd on fluorodinitroethanol. m.p. 66’, 

Calc for C&FN4011: C, 2 1 .S3; H, 2.14; F, 5.75: S 

5 

the scope of the appended claims the invention may be 
practiced otherwise than as specifically described 
herein. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. A compound of the formula 

16.97. Found C, 21.98; H, 2.15; F, 6.00; N, i6.77, 
H-NMR (CDCl;): 6= 5.25 (d, 2H, CHL-CF), 5.00 

(S, x4, C&C(NO~)~), 2.19 (S, 3H. -ai3). 10 P “I’“’ ii 
I.R. (fluoroIube mull); tlntpx= 1780 cm- 1. 

C!-C--O--H2 -~-cH?--O--C-cl. 

Ob&usl~, numerous modifications and variations of 
the present-invention are possible in light of the above 
teachings. It is therefore ~o’be understood that within 

25 

45 

60 


